Background: Tuberculosis (TB) is a major public health problem that accounts for almost half a million human immunodeficiency virus (HIV) associated deaths. Provision of isoniazid preventive therapy (IPT) is one of the public health interventions for the prevention of TB in HIV infected individuals. However, in Ethiopia, the coverage and implementation of IPT is limited. The objective of this study is to compare the incidence rate of TB, TB-free survival time and identify factors associated with development TB among HIV-infected individuals on pre-ART follow up.
Background
Tuberculosis remains a major public health problem throughout the world. Globally almost one third of the world population is estimated to be latently infected with Mycobacterium tuberculosis and hence at risk of developing active TB disease [1] .
The TB epidemic has been fuelled by HIV co-infection, one increasing the other's impact.
HIV infection, through waning of the immune system, increases the susceptibility mycobacterium tuberculosis infection and progression to active disease [2] . The TB epidemic is further, aggravated by drug resistance, social inequalities, limited TB control efforts and limited access to health care services [3, 4] . The risk of developing TB is between 20 to 37 times greater in HIV infected individuals when compared to immunocompetent individuals [5] . As a result, TB is the commonest infection and common cause of death among HIV-infected individuals [6] .
According to the world health organization (WHO) 2013 global TB report, there were an estimated 8.6 million new TB cases and 1.3 million TB related deaths (a quarter of these deaths were associated with HIV). More than half of these estimated TB cases occurred in Asia and western pacific regions. HIV positive TB cases accounts for 1.1 million (13% of all TB cases) among patients with documented HIV test result. Majority of the co-infected cases (75%) were in Africa. Nearly 57% of HIV positive TB cases were on ART and 520,000 HIV-positive people were reported to have received TB preventive therapy. South Africa accounts for the highest proportion of IPT coverage (71%) [6] . This report also shows that Ethiopia ranks seventh amongst the world's 22 high TB burden countries in the world and TB is the second leading cause of hospital death in the country [6, 7] . In Ethiopia, 79% of HIV infected individuals were screened for active TB, of whom 15% had TB/HIV co-infection. Only 19% of the HIV positive clients without active TB were provided with IPT in 2010 [7, 8] . This dual epidemic of HIV/AIDS and TB is a growing concern that challenges the Ethiopian government's efforts towards prevention and control of both disease [7, 9, 10] .
To reduce the burden of TB among HIV infected individuals, the country had adopted twelve key TB/HIV collaborative activities recommended by World Health Organization (WHO) [5] [6] [7] 11] . Provision of ART significantly reduces TB/HIV related mortality and risk of incident TB [5, 12] . However ART alone isn't adequate enough in reducing tuberculosis risk in HIV infected individuals, hence implementation of other TB specific intervention to further reduce the risk of TB in HIV-infected individuals is required [5, [12] [13] [14] .
Multiple studies have demonstrated the effectiveness of IPT in adults [9, 11, 13, [15] [16] [17] [18] . Meta-analyses of randomized controlled trials have shown that IPT reduces the risk of TB by 33% overall and by 64% when targeted to HIV infected individuals who had a positive tuberculin skin test [13] . An earlier (1998) systematic review of four placebo controlled randomized trials, concluded that approximately one half of active tuberculosis cases were reduced with use of IPT [19] . Cohort and case control studies have shown that IPT provision for HIV-infected adults significantly reduce tuberculosis incidence independently or with coadministration of highly active antiretroviral therapy (HAART) [11, [15] [16] [17] 20, 21] . In contrary three cohort studies conducted in Brazil, Tanzania, and Kenya showed IPT had no significant effect on the reduction of TB among HIV-infected individuals [22] [23] [24] .
In spite of good evidence of IPT uses and the global recommendation as part of standard care for all HIV infected individuals after ruling out active TB, it was noted that the coverage and implementation had been slow in many countries including Ethiopia [7, 9, 18] . These problems were linked with concern about development of isoniazid related resistance, drug side effects, providers' attitude on its effectiveness, failure to consistently use TB screening algorithms and shortage of drug supplies [18, 25, 26] . These factors may affect both the perception and attitude of the policy makers, health care providers and clients towards TB preventive therapy. Studies that have shown inconsistent results of IPT protection against TB may cause further misunderstanding. A critical review of barriers related to the health system and client related issues should be carried out in order to develop nation specific strategies that are essential to foster the implementation of IPT program. In Ethiopia the effect of IPT on the incidence of TB and the determinants associated with TB disease among HIV infected individuals (pre-ART) are not well studied. Furthermore little is known on TB free survival probability among IPT user and non-users. Therefore this study is aimed at investigating IPT effect and identifying determinants factors for TB among HIV-infected individual in Jimma University Specialized Hospital (JUSH), in southwest Ethiopia. The study was based on the hypothesis that there is no significant difference in TB incidence between IPT user and non-user among HIV-infected individuals.
Methods

Study setting and design
Jimma University Specialized Hospital (JUSH) is a government hospital, rendering its referral and specialized medical services to more than 15 million populations in south western Ethiopia. The hospital has enrolled more than 7,400 patients to HIV care and follow-up, among these 3,476 were on pre-ART care follow-up during the study period. A retrospective cohort study design was employed in this study.
Study period and population
The source population was HIV infected individuals enrolled in pre-ART care follow-up, whose age was between 15 and 64 years. The study population was a sample of the source population who was under care during the period January 2008 to February 2012. Exclusion criteria were incomplete patient records, past history of TB, active TB, or on treatment for TB.
Sample size determination
The sample size was determined using sample size determination formula for independent cohort studies using Epi-info version 7, for IPT and non-IPT group. Incidence of TB among IPT group 2.2% and among non-IPT group 7.5% were taken from previous study [27] . Taking ratio of exposed to unexposed 1:1 with 80% power and 5% type I error, the resulting total sample size was 588.
The total number of adult patients in pre-ART care was obtained from the pre-ART register (N = 3476) and patients were categorized according to IPT (n 1 = 420) and non-IPT group (n 2 = 2648). Sampling frame for IPT and non-IPT group was prepared by assigning sequentially unique number to each patient medical record in each groups separately; simple random sampling method was employed to select participant records from both groups using computer generated random numbers.
Variables and source of data
The main outcome variable was tuberculosis. Diagnosis of TB in HIV positive individuals in this analysis was based on the national guidelines for clinical and programmatic management of TB, TB/HIV and leprosy in Ethiopia. Smear-positive pulmonary TB was established if at least one sputum smear examination positive for Acid-fast bacilli (AFB). The algorithm for smear negative pulmonary TB diagnosis required at least three sputum specimens negative for AFB, radiologic abnormalities consistent with active tuberculosis, decision by a clinician to treat with full course of Anti-TB chemotherapy, or patient with AFB smear-negative sputum which is culture-positive for MTB. Extra pulmonary TB diagnosis was based on histological or strong clinical evidence consistent with active extra pulmonary, with the clinician's decision to treat the patient with a full course of anti-tuberculosis treatment or one specimen from an extra pulmonary site culture or smear positive for AFB. For this analysis, both pulmonary TB and extra pulmonary TB were included [7] .
The primary exposures of interest were initiation of IPT. Prior to initiating IPT in HIV-infected individuals, it is important to screen for TB. As a screening tool, the Ethiopian guidelines suggest a four symptoms based clinical algorithm that comprises of current cough, night sweats, weight loss and fever. HIV infected individuals without any of the symptoms are unlikely to have active TB and should be offered IPT. IPT is provided for a period of six months, with monthly follow-up until the treatment course is completed [7] . However tuberculin skin test (TST) isn't a requirement for IPT initiation in the country [7] . We extracted data on these and other predictor variables from standard national pre-ART register, follow up forms and other clinical records. These register and forms are regularly filled as part of a routine paper-based patient record system. Important data related to socio-demographic characteristics (age, sex, marital status, level of education, religion, residence, employment status). clinical, laboratory and IPT information (past OI, clinical WHO stage, CD 4 + cells count, weight, other OI treatment initiation, Hgb, IPT and functional status, incident TB). Social condition and substance use (number of people in the household, tobacco use, alcohol use, soft drugs and hard drugs) were extracted by trained nurses.
Data processing and analysis
Completed questionnaires were coded, entered and analyzed using STATA version 11.1 software. Each variable was checked for missing and coding problem. Descriptive statistics was used to summarize the characteristics of the cohort. TB incidence rate was calculated for IPT and non-IPT group in HIV-infected individuals. The TB free survival probability (survival analysis) was calculated in months using the time interval between dates registered on pre-ART care or IPT prophylaxis initiation to date of TB diagnosis or censoring. Subject was censored on the date of completion of the study, died, lost to follow-up, transferred out and ART initiated; whichever occurred first. For subjects lost to follow-up, transferred out and died, the date of their last follow-up visit was used as the censoring date.
Kaplan-Meier survival plots were used to calculate the crude effect of both groups on TB-free survival probabilities and compared using the log rank test. Crude hazard ratio test was used for inclusion of variables into multivariate analysis with cut off p-value ≤ 0.25. Cox proportional hazard model was used to identify factors associated with incidence of TB and a p-value ≤ 0.05 declares the significance of the variables at 95% confidence level.
The multivariate model was built using purposeful selection with backward elimination method [28] . Confounding was checked and percentage change in the regression coefficients (β) less than 20% reveals absence of confounder [28] . Interaction for the main effect model was checked and Partial likelihood ratio test has p-value > 0.05 and VIF < 10 indicating non-existence of multicollinearity among the variables in this study. A statistical and graphical test was used to assess the proportional hazard assumptions and the result showed that none of the predictors violated the proportional hazard assumptions and there was no strong evidence of non-fit.
Ethical consideration
The research was approved by Institutional Review Board of Mekelle University, College of Health Science (MU-CHS) with reference number ERC 0228/2013. A support letter referred with BEFO/HBTFH/1-8/2234 was sought from Oromia Regional Health Bureau. Jimma University Specialized Hospital was informed about the objective of the study and written permission was obtained from the hospital administrator before starting data collection.
All the collected patient information was stored anonymous and data was kept confidential. More over personal identifiers was not included in the data collection forms.
Results
A total of 588 HIV infected individuals (294 IPT and 294 non-IPT cohort) were followed for a median duration of 22.61 (IQR 17.13-28.56) months in the IPT and 26.68 (IQR 14.66-43.66) months in the non-IPT group (Table 1) . Among the IPT group, majority of the patients 180 (61.43%) were female. Similarly among the non-IPT group, females accounted for 62.59%. At the time of enrollment to pre-ART care, there were 124 (42.18%) and 133 (45.24%) patients under age of 29 years in the IPT and non-IPT groups, respectively (Table 1) .
Clinical and laboratory characteristics, and follow-up outcome
Nearly half of the patients had at least one episode of opportunistic illness in the past, 145 (49.49%) of them were from IPT and 126 (42.86%) were from non-IPT group. Out of the total study participants, majority of IPT group patients were in clinical WHO stage I/II 256 (87.07%). The median CD4 + cell count was 422 cells/μl (IQR 344 -589) for the entire cohort, 415 cells/μl (IQR 328-786) for IPT group, 444 cells/μl (IQR 357-613) for non-IPT group.
Out of 237 (40.51%) patients who had CD4 + cell count between 350-499 cells/μl, 121 (41.44%) were in IPT group and 116 (39.59%) of them were in non-IPT group ( Table 2) .
Comparison of TB incidence rate and TB-free survival time
There were 49 incident TB cases in this study cohort during 1297. 5 (Table 3) . Individuals taking isoniazid preventive therapy were at lower risk of developing tuberculosis as compared to their counter parts with adjusted hazard ratio (AHR) of 2.02 (95% CI: 1.04 -3.92) ( Table 4 ).
The TB free survival proportion for the entire cohort over the follow up period was 0.77 and the TB-free survival probability in the IPT user group was significantly higher than the non-IPT user group throughout the study (log rank statistic = 4.20, df =1, P = 0.0403) (Figure 1 ). Furthermore Figure 1 shows the cumulative TB-free survival at thirty six months of follow-up was approximately 93% in IPT and 87% non-IPT user groups.
Predictors of tuberculosis incidence
HIV infected individuals who didn't received IPT during the study period had two times higher risk of developing TB as compared to those who received IPT, after adjusting for past opportunistic illness, clinical WHO stage and CD 4 + cell count (AHR = 2.02; 95% CI: 1.04-3.92). The presence of past episode of opportunistic illness were also associated with increased hazard of developing TB after controlling for IPT use, clinical WHO stage and CD 4 + cell count (AHR = 2.41; 95% CI: 1.33-4.34) ( Table 4) .
Individuals with clinical WHO stage III/IV had nearly 3.1 times increased risk of developing TB as compared to patients in clinical WHO stage I/II after controlling for past opportunistic illness, IPT use and CD 4 + cell count (AHR = 3.05; 95% CI: 1.61-5.81). Compared to those presenting with CD 4 + cell count > =500 cells/μl, patients with CD 4 + cell count less than 350 cells/μl had 3.2 times (AHR = 3.16; 95% CI: 1.04 -3.92) and between 350 -499 cells/μl had 2.9 times (AHR = 2.87; 95% CI: 1.37 -6.03) higher hazard of developing TB after controlling for past opportunistic illness, clinical WHO stage and IPT use ( Table 4 ).
In summary, HIV infected individuals with advanced clinical WHO stage, non-IPT use, low CD4+ cell count and history of past episode of opportunistic illness, were more likely to have higher incidence of TB (Table 4 ).
Discussion
The overall incidence of tuberculosis was 3.78 per 100PY in the entire follow-up period. This finding was consistent with a cohort study in Zambia that shows 3.6 per 100 PY [29] . However, this result was higher than study done in Brazil and Ethiopia with TB incidence 2.28 per 100 PY 2.6 per 100 PY, respectively [17, 22] . This inconsistency might be due to smaller number of individuals receive IPT, some of the study participants were taking ART and difference in source population, as the source population of those study includes all age groups in the latter studies [17, 22] .
In our study the incidence of TB was higher among patients with no prophylaxis as compared to patients with IPT prophylaxis. This finding was in agreement with studies done in Namibia, Brazil and Ethiopia [9, 11, 16, 17, 21] . However, a cohort study in Thailand and clinical trial in Kenya showed, there was no difference in TB incidence whether a patient took IPT or not [24, 30] . This difference might be explained by limited scope focusing only to see incidence of pulmonary type of tuberculosis cases in Thailand study [30] . Similarly, the benefit of isoniazid might be limited in the Kenya study due to high rate of transmission of new infection and insufficient duration of isoniazid provision for individuals with relatively advanced immune-suppression and non-adherence to therapy [24] . Our results suggest that the difference in incidence of tuberculosis might be attributed to the use of IPT that prevents progression of latent infection to active disease. This study showed that IPT offers a long term benefit in HIV-infected individuals against tuberculosis with a higher TB free survival particularly during the first three years of follow up among IPT users. Therefore the use of IPT during pre-ART care shows higher decrease in cumulative risk of TB disease in HIV-infected patients. This finding agrees with observational study conducted in Spain [31] .
Similarly, TB-free survival time was higher in IPT group than non-IPT group. This finding was supported by studies done in South Africa and Namibia that showed higher TB-free survival probability among IPT-group [15, 21] . In Working: able to perform usual work in and out of the house. 2 Ambulatory: able to perform activities for daily living. 3 Bedridden: unable to perform activities for daily living. 4 Cotrimoxazole, Fluconazole. 5 Transferred out and dead.
contrary, recent trial study conducted in Botswana shows that shorter median time to develop TB among individuals who took IPT for 6 month [32] . This variation might be due to higher risk of re-infection to tuberculosis and inadequate power in latter study.
Our study revealed IPT use has contributed to a higher reduction in hazard of acquiring tuberculosis than non-IPT use. This finding was consistent with pooled estimate of four trials carried out in Uganda, Haiti, USA and Kenya that showed approximately the same level of reduction of TB in adults infected with HIV [19] . It was also in agreement with other studies conducted in Namibia, Brazil and Ethiopia [16, 17, 21] . But a recent meta-analysis of ten trails revealed that IPT use was associated with a smaller reduction of TB among HIV infected individuals [33] . In contrary, other studies conducted in Brazil, Tanzania and Kenya showed that insignificant effect of IPT on the reduction of TB [22] [23] [24] . The smaller reduction of TB in the meta-analysis might be due to inclusion of studies from resource rich countries with low TB prevalence and study design difference [33] . The disagreement with Brazil, Tanzania and Kenya may be due to difference in number of individuals taking IPT; high rate of transmission of new infection and insufficient duration of the prophylaxis in subjects with relatively advanced immunesuppression were among the possible reason for absence of the IPT benefit in these studies [22] [23] [24] . This study showed that patients presenting with clinical WHO stages III and IV is associated with higher hazard of developing tuberculosis as compared to patients in clinical WHO stage I and II. The result was in agreement with study conducted in South Africa and Ethiopia [14, 17, 20] . This may be due to the fact that HIV weakens the immune system and lead, more opportunistic infections are likely to occur.
Our study also revealed that patients who suffered from opportunistic infection had higher hazard of developing TB as compared to those free of the infections in the past. Finding from a clinical trial in Uganda and case control study in Ethiopia agreed with our finding [11, 34] . In this study, among the determinant factors, having lower CD 4 + count were associated with increased relative hazard for developing TB. The risk of TB shows a higher increase when CD 4 + cell counts fall below 350 cells/μl. This result is consistent with cohort studies that show gradual increase of the risk of TB when CD 4 + cell count falls down [15, 17, 31] .
Strength and limitation of the study
This is one of the few studies in Ethiopia that explored association of IPT provision with the development of TB in individuals under pre-ART care. This study did have some limitations that are shared with most studies. The retrospective nature of the study design limited to include other factors that may influence the risk of TB (house-hold income, housing condition).
Conclusion and recommendation
Provision of TB preventive therapy to all eligible HIVinfected individuals in high TB prevalence before they reach to severe form of HIV disease is an important approach to prevent and control tuberculosis. This study indicates that isoniazid preventive therapy confers a significant reduction in TB incidence among HIV infected individuals and adjustment for potential confounder didn't alter the estimate of its effectiveness.
Efforts should be strengthened in implementing the widespread use of IPT among adult HIV-infected patients through integration with intensified case finding and development of operational guidelines for the implementation of IPT in HIV care and treatment settings.
HIV infected individuals with advanced immunosuppression and past episode of opportunistic infection were at higher risk of developing tuberculosis, which implies undertaking in depth TB screening and frequent follow up among these patient is critical in order to prevent and control tuberculosis. Further prospective studies might be needed to establish the optimal duration of its protective effect and the added benefit of isoniazid preventive therapy (IPT) among people receiving antiretroviral therapy should be established in the country.
